Numerical simulations were carried out for the process of the one-stage separation of reservoir fluid using the example of black oil from Polish Lower Paleozoic shale formations. As a result of tests conducted on reservoir fluid samples obtained from wells drilled in the Lower Paleozoic formations of the Baltic-Podlasie-Lublin Basin (on PGNiG and Orlen Upstream concessions), compositions of reservoir fluid were determined.
Introduction DOI: 10.18668/NG2015.11.12 During the research work performed so far under the task named Determination of the composition, phase properties and PVT parameters of the reservoir fluid in individual extraction fields (the Blue Gas ResDew Programme), samples At the beginning, an assumption was made that the reservoir fluid from a shale formation containing black oil would be degassed to a pressure allowing a high receipt of oil. Experimental tests were carried out in the PVT Laboratory, where such fluid (recombined) was degassed at various pressures at room temperature, which is presented in Fig. 1 . capacity to store dissolved gas. Sometimes such situations are difficult to avoid, and it is necessary to expect variable compositions of reservoir fluid appearing at the head [1, 7] . This paper is aimed at the analysis of separation conditions for a selected black oil type reservoir fluid obtained from a shale formation in the area of Poland. were taken from wells made available in Lower Paleozoic formations (Ordovician, Sylurian). The fluid of composition provided in Table 1 was chosen as the examined material. Fig. 1 . Gas liquid ratios from the reservoir fluid [4] As results from reservoir fluid degassing tests, the lowest value of the gas-oil ratio, GOR, is achieved at the separation pressure of around 6 bar. Such simulation conditions will be considered in further analyses. Fig. 2 presents a working diagram designed using the ChemCAD software for numerical calculations of black oil type reservoir fluid separation, with a composition as in Table 1 . Heater (4) and pressure-reducing valves (5, 6) allow the simulation of appropriate conditions of equilibrium separation (in flash 1 and 3 apparatuses).
Examined material

Oil separation tests
Based on this diagram ( Fig. 1) , Table 2 specifies an example composition of black oil separation gas streams, at a pressure of 6 bar and at 25°C (separation stage I) and 0.1 bar, 11°C (separation stage II). A Soave-Redlich-Kwong model of phase equilibria (SRK -version SRK/PR BIPs) was used in the calculations. The pressure and temperature at the head are limitations in any development of oil degassing Gas oil ra
PVT conditions. Assuming that the fluid head pressure will be around 100 bar, then after a reduction to a few bar it will be cooled down by a dozen or so degree Celsius, which is related to the presence of the gas phase. Table 3 presents simulations of temperature changes for various cases, carried out for the gas composition from Table 1 , using the ChemCAD software.
from oil is more favourable at temperatures higher than room temperature due to the emulsions which can form. In numerical calculations using the ChemCAD software, for separation pressures of 3, 6 and 10 bar for the stream, three actual gas oil ratios were calculated (values are given converted to standard conditions), in the temperature range from 2 to around 70°C, which is presented in Fig. 3 . As Fig. 3 shows, with increasing separation temperature, the total amount of gas released from oil grows. Compositions of separated gases (stream 8) change under various conditions, which is presented in the following graphs: 4, 5, 6 using the example of methane, ethane, propane, and hexane content. Methane content in the gas released during oil separation goes down with increasing temperature, despite its having the largest share in the gas volume. This is caused by the increasing share of higher hydrocarbons in the gas composition with rising temperature of oil degassing. Ethane content in the gas released during oil separation has a diversified course with increasing temperature. At the separation pressure of 3 bar the highest ethane concentration is obtained at lower temperatures, and its content diminishes with heating the system. At slightly higher separation pressures (6 and 10 bar) the ethane share in the volume of released gas initially grows, reaching a maximum at approx. 30°C for the pressure of 6 bar and at around 50°C for the pressure of 10 bar. This effect is The water content in a raw reservoir fluid may be another limitation at lower temperatures. This will not be discussed in this paper, but in real conditions the water phase separation
The results of oil separation to a large extent affect the level of its extraction (for reservoirs of low pressure value, e.g. at a late stage of mining) and the composition of the raw gas obtained in this process. Based on numerical calculations using the engineering software ChemCAD, an especially significant influence has been found of temperature on the development of individual hydrocarbon concentrations in the gas.
It has been found that the methane content in the gas released during oil separation goes down with increasing temperature, despite its having the largest share in the gas volume, whose amount grows with increasing temperature. This is caused by the increasing share of higher hydrocarbons Summary in the gas composition with rising temperature of oil degassing.
In the temperature range examined in calculations, in the ethane content course, it has been observed to reach a maximum concentration, which may be used in potential technologies to produce an ethane concentrate valuable in the industry.
A thorough observation of hydrocarbon concentration development depending on stage I separation conditions also shows a possibility of a setting of separation temperature and pressure such that there may be an option in which there will be no need for stage II and oil stabilisation application. However, such an option should be analysed in more detail. interesting from the point of view of the most effective use of the obtained gas as a basic source for ethane production. Contrary to methane, the propane content in the gas released during the oil separation goes up with increasing temperature. The pace of propane concentration growth in the gas is highest in the lower range of temperatures used, while at higher temperatures it approaches a plateau or maximum, as observed in the case of ethane at slightly lower temperatures. Fig. 7 presents a comparison of higher hydrocarbons content based on a hexane example versus temperature, for various separation pressures.
As Fig. 7 shows, with increasing temperature of oil degassing the hexane content in the gas initially grows slowly, and then the increase in its amount is faster. Please cite as: Nafta-Gaz 2015 Article contributed to the Editor 28.08.2015. Approved for publication 15.10.2015.
